
PROCESSES AND APPARATUSES FOR TBE PRODUCTION OF
CRYSTALLINE ORGANIC MiCROPARTlCLE COMPOSITIONS BY
MICRO-MILLING AISD CRYSTALLIZATION ON MICRO-SEED AND
THEIR USE Background of the Invention f000  | During
production of active organic compounds, such as, for
example an active pharmaceutical ingredient ("API")
forma Ii on of solids is o t often accomplished by
crystallization n the solution phase followed by
isolation and drying. Often times, the dry active
organic compound must be further processed to reach a
particle size profile necessary to ensure proper
formulation of the end product. While, the resultant
particle size can vary significantly, in most cases,
fine pharmaceutical active ingredient powders have a
mean size iess than 300 urn. However, there ha been a
strong need for crystals of a particle size less than
40 imi due to pharmaceutical targets with low water
solubility and/or low permeability Small particles in
a formulation provide higher surface area for
transport into the body. [0002] It is common to
conduct a dry milling step, such as air jet
classification milling, pin milling, or hammer milling
to reach an acceptable particle size profile. Examples
of dry milling equipment typically used for
pharmaceutical processing include those produced by
Hosakawa Micron (eg. pin mill: Alpine* UPZ Fine Impact
Mills eg ftuidiz ed air jet mill: Alpine* AFG
Fluidized Bed Opposed Jet Mills) those produced by
Fluid Energy, those produced by Quadro Engineering and
those described in Section of Perry ' s Chemical
Engineer s Handbook (Sixth edition ed. Robert H. Pern
and Don Green). The dry milling step can be used to
either break agglomerates of particles into their
native size and/or to break the native particles into
smaller pieces. [0003| From a process engineering
point of view, dry milling introduces manyoperational
concerns and costs. One major concern is the
limitation of operator exposure to the active
compounds. For highly potent compounds, dry milling
may require expensive 



engineering controls to keep dusting low. Additional
ly engineering controls may be necessary to minimize
dust explosions. Other operational concerns of dry
milling include accumulation of material inside the
dry rail! due to melting at high temperature or
sticking to the internal components of the mill. In
pin milling, this poor milling performance iscommonly
called "meltback" o. "flagging," respectix ely, and
can even result in the production of amorphous ma eria
l mill plugging and changes in the particle i/ e
exiling the mill maie pal s processed Some compounds
erode the mill during processing leading to
unaceeptably hiyh o f contaminants m the API product.
Thus it is desirable to form crystals of the target
particle si/e distribution (PSO) directly from
crystallization and avoid dry milling as the particle
finishing slcp. [0004] Unfortunately, methods of
production directh \ ia solution crs stalli/ation or
directh elopment is rotor-stator milling of a solid
slum followed bs isolation Rotor-stator milling t\
ptcaJ.1% produces particles o f a mean Si/e o\ e r 20
urn UnfortunateK . in most case allption is often &een
in this milling process Attrition occurs when very
small particles are chipped off of the natne particle
!ea\ in a bimodal particle si/e (American
Pharmaceutical Re iew VoI 7, Issue 5 pp 120-123
-"Rotor Stator Milling of API ' s . ' "). Often times,
rotor-stator milling results in a significantly slowed
filtration step due to the presence of these fine
particles. Additional!} . formulation o f bimodal
feeds using direct compression or roller compaction
techniques is problematic. The creation of a
nionomodal feed of small API particles would be
beneficial in the absence of dry milling as a
finishing step (0005) The formation of a n e solid
phase by ci> sialli/auon, from solute dissolved in
liquid is generally accepted to occur by two pathways
(1) by nucSeation of new particles or (2) by growth
through deposition of solute o existing particles.
Nucleation can occur on foreign substances hi a cr\
stalli/et or homogeneously from solution. I r S Patent
No 5.314.506 entitled "Cn stalh/ation method to
improve en stal structure and si/e " and S 



Published Patent Application No. 2004 00 J546 A l
entitled "Process and apparatuses for preparing
nanopartsele compositions with amphophilic copoh mere
and their use " describe small particles, e\en
nanoparticles, produced by massne nucleation o f mam
new particles o f the solute dupng precipitation. In
these processes, the character of the s> stem is
chaiged using sohent composition temperature or
reaction to create high supersaturation for the solute
which in turn leads to rapid niicleation and
stalli/ation The birth of man> particlesby nucleation
leads to a small particle size distribution at the end
of the crystallization step, {hereby obviating the
need for ch> milling. [0006] A significant downside of
the above nucleation processes is that under high
supersaturation undesired solid state forms {crystal
form/molecular packings in a crystal) can be produced
as explained by Ostvvakfs rule (Threlfa l - vol 7 no6
2003 Organic Process Research and Development). The
production of a variety of crystal forms was witnessed
by Kabasci et ai. for a calcium carbonate {Trans
ChemE, vol 74 Part A October 1996).  f is common for
pharmaceutical compounds to exhibit several different
crystal forms for he same API and thus the use of
these nucleation driven technologies are considered
specialty applications in addition, processes
comprising high supersaturation and associated
nucleation can yield crystals with occluded solvent
molecules or impurities. In general the purification
and isolation process chosen for a pharmaceutical
should yield a product of high chemical purity and the
proper solid state form and processes dominated by
nucleation events are not desirable. [00071 i a effort
to control the morphologic properties of the final
product, it is a trend in One particle engineering to
use seed particles of the product to provide a
template for crystal growth during crystallization
Seeding can help control the particle si e crystal
form, and chemical purity by limiting the
supersaturation. Various milling techniques have been
employed to generate the seed stock. Dry milling has
been used routinely to generate small particles for
crystallization seed to result in particles of
moderate size. This approach does 



not eliminate the previously discussed engineering and
safety concerns associated with dry milling and is
less desirable than a wet milling technique for seed
generation. [00081 as been demonstrated that
rotor-stator wet milling can be used to generate
relatively large organic active particles with a
practical limit of > 20 urn. On the other hand,
milling to >20 urn requires extended milling time in
the attrition regime where small fragments lead to
abimodal particle size distribution (American
Pharmaceutical Review VoI 7. Issue pp 120-1 23, "Rotor
Stator Milling of API' s . . . .). It has been found
that crystallizations using rotor-stator wet milled
products as seed result in large particles and.most
often, a bimoda  particle size distribution. A
subsequent dry milling step is required Io create the
desired smaJI sized crystals or monomoda! material.
This method of seed generation is not ideal, |009]
Sonieation S another technique used to generate large
seeds for crystallization. For example sonication has
been shown to yield product greater than K)O urn (See
U.S. Patent No. 3,892,539 entitled "Process for
production of crystals in fiuidized bed crysCali/ers")
Media milling has recently been used to create final
product streams for direct formulation of
pharmaceuticals with particulates less than 400 ram
(See U.S. Patent No. 5,145 684) but using the wet
milled micro-seed in a subsequent crystallization has
not previously been shown. A review of media milling
and its utilities is described in U.S. Patent No.
6.634,576. [0010 j This patent describes possible
materials for construction of the media mill and media
rail! beads. These include U.S. Patent No. 3,804.653
which states that media can be formulated of sand,
beads, cylinders, pellets, ceramic or plastic. This
patent further discloses that the mill can be
formulated of metal, s feel alloy, ceramic and thai
the mill may be lined with ceramic. Plastic resm
including polystyrene is noted as being particularly
useful. U.S. Patent No 4,950.586 discloses the use of
zirconium oxide beads to mill organic dyes to below 1
urn i lhe presence of stabilizers. Several
combinations of mill construction may be 



used to practice the instant invention. I one
embodiment, ceramic beads and a ceramic mill are
utilized. In a further embodiment, ceramic beads and a
chromium-lined mill are utilized. [001 J j In summary'
there remains a need for crystallization processes
that can produce organic actives and especially
pharmaceutical products at a controlled size or
surface area sufficient to obviate dry milling to meet
formulation demands. The pharmaceutical industry is
consistently requiring smaller particles due to their
increased bioavailability and/or dissolution rate
ikewise it is also important to yield chemical
compounds with the requisite crystal form and a
well-controlled crystal purity. In the present
invention, wet milled micro-seed with a mean pariicie
size ranging from about 0 . 1 to about 20 umhas been
shown to be surprisingly effective for lhe production
of fine organic active solid particles.and speciall
for the CILstalh/ation of acin e pharmaceuticals
ingredients. \x Uh a conl.ollcd particle st/ distti
button. antages of the present unention include e
elimination of the need !bi downstream n llin theiebv
ehminalmg the health and safeu hazards often
associated with these processes S mmar of the
Invention [0012J The ptesenl imerttion ptoudcs a
process lot the production of cnstalline paiiicies of
an oigamc acti\ e compound The process includes the
steps of yenerahog a micro-seed b a wet-nulling
process and subjecting the micro-seed to a en
slalli/ation pioce The rmcjo-seed generated the tmlhng
pioc s has a mean particle si/e of about 0 1 to about
20 mm he resulting en stalhne particles e a mean
partteSe si/e of Jess than 100 mm [001 3 { With
respect to the o methods The first stalii/atjon method
is> a three-step process yonerabng a slurn of the
mscro seed using media millmg. dissohmg a portion of
the micro-seed, and e staih/mg the actn e oigamc
compound on the micio-^eed [001 4 { e second crs
sialli/ation method s also a three-step process
including 



genejalmg a slum of the nucio-seed, generating a
solution of the product to be cr> stalh/ed. and
combining the slum with the solution in one embodiment
of this second crs stalh/ation process the sium of the
micro-seed and the solution of the product are rapidh
micro-mixed \\hen the\ are combined fOOISj One of
three piocessing configurations mas b used mdn dualK
or m combination in order to accomplish the second er>
stalh/ation method One conilgisration S a batch proces
in another is a senu-continuous processing a thud is a
continuous piocessnig configuration [Ol dJ A rec> cle
loop aiso be used in conjunction ith the second crs
stalh/ation process In one embodiment of the second cp
stalh/atjon process, a rec> cle loop is utjl i/ed as
part f the batch processing copfiguiation In another
epibodmient of he second en stalh/ation process, a
rec> cle loop is utih/ed as part of the
senii-continuoiis processingconfiguration. In \ et
another embodiment of the second CILstalli/ation
process a recs cle loop is utih/ed as part of the
continuous processing configuration [0017| The second
en stalh/atJon method uses two t\ pe of soh ent
streams In one mbodiment the soh ent s> stem is an
aqueous soh ent stream: m another, the soh ent system
is an organic soh ent stream: i yet another the soh
ent system is a xed soh ent stream. [00 ISj
Additionally . a supplemental energy device b used in
conjunction with the second crystallization process in
a first embodime t this supplemental energy device is
a mixing tee: in a econd it is a elbo in a third it is
a static mixer, in a fourt h it is sonica and. i a fi
fth t is a roior-staior homogeni/er [00!9j Further the
acth e organic compound of the present im ention be a
pharmaceutical selected from a group which includes a
algesics anti-inflammatory agents anthelmintics,
anti-arrihymics, anii -asthmatics, antibiotics,
anticoagulants, antidepressants. antidiabetic agents,
antiepiJeptics. antihistamines, aptihyperlensn e a
ents antimuscarinic agents. antum cobacte pai agents,
antineoplastic agents, immunosuppressants, antitln
roid 



agent antiv iral age ts anxioly t cs sedatives, astri
gents beta-adtenergie receptot blocking drugs,
contrast media, corticosteroids, cough supp essants
diagnostic agents, diagnostic imaging agents,
dopaminergics haemos tatics immunological agents lipid
regulating agents, muscle relaxants,
parasympathomimetics, parathyroid calcitonin,
prostaglandins, radio pharmaceuticals, sex hormones,
anti-allergic agents, stimulants, sympathomimetics
thyroid agents, vasodilators and xanthines. [002Oj
Additionally the present im ention further provides a
pharmaceutical composition including the cr> stallJne
particles produced the processes described herein and
a pharmaceutically acceptable carrier Brief
Description of the Figures [002! J Figure I
demonstrates the t> pica! components necessan for
media milling in ree\ cle mode including the blending
vessel, fluid pump media mill, and cle line back to
the vessel. Single pass milling does not rec> cle and
simph feeds the product into a collection receiver
through the mill In single pass mode the pump can be
replaced by a pressuretransfer from the still.
Multiple single passes can accomplish a similar
product profile as the recycle mode. [0022] Figure 2
demonstrates a crystallization vessel set up for
Examples 1-7 and 9. In Example 1, the antisoivent was
charged rapidly < IO seconds in portions sin a syringe
with a needle. Optionally, a sonieator probe and or a
light scattering probe can be added. [0023J Figure 3
displays an example set-up which was o n amenable for
scale up of the micro-milling and crystallization
process as in Example 10, 11 and 12. The
crystallization vessel and components of the recycle
loop are presented. [0024J Figure 4 displays the
process discussed i Example 8, wherein an external
recycle loop is employed for the application of a
supplemental energy device. The energy devices are
motionless where the fluid flow through the mixer
provides energy input into the system by pressure drop
aid turbulent fluid movement. The double tee consisted
of two tees 



arranged as pictured which promotes the impingement o
f two streams and the static mixer was that of the
kenics helical style " manufactured by ICofSo Corp.
[00251 Figure 5 demonstrates the double tee
supplemental energy device used in Example 11. The
lines are made of ID steel pipe with sharp right angle
turns. The streams impinge at the outlet. (0026|
Figure 6 is a general overview of a possible
crystallization process, including generating a slum-
of the micro-seed; generating a concentrate solution
of the product to be crystallized; and combining the
skim- with the concentrate to imitate crystallization.
Further crystallization can be afforded by a number of
methods to create supersaturation, some of which are
listed. [00271 Figure 7 is an example of a batch
crystallization method. 100281 Figure is an example of
a semi -continuous crystallization method. |0029f
Figure 9 is an example of a batch reactive
crystallization method. Shown is a reaction scenario
where reagent A and B react to form the product to be
crystallized, [0030] Figure K) is a micrograph of the
product o f Example 1B.[0031 j Figure 11 is a
micrograph of the product in the micro-milling process
for Example 3B after 0.5 minutes of recycle
micro-millitig. [0032] Figure 12 is a micrograph of
the product in the micro-milling process for Example
3B after 15 rmnutes of recycle micro-milling. [0033J
Figure 13 is a micrograph of the product in the
micro-milling process for Example 3B after 60 minutes
of recycle micro-milling. [0034] Figure 14 is a
micrograph of the product slum' at the end of
crystallization of Example 3B. [003SJ Figure 15 is a
micrograph of the product slurry at the end of
crystallization of Example 4B. [0036] Figure 16 is a
micrograph of the product slum' at the end of
crystallization of 



Example 5 . [0037 j Figure 17 is a micrograph of the
product slurry- at the end of crystallization of
Example A. [0038] Figure I S is a micrograph of the
product slum at the end of crystallization of Example
B. [0039J Figure 19 is a micrograph of the product
slum- at the end of crystallization of Example 9A.
[0040] Figure 20 is a micrograph of the product slum'
at the end of crystallization of Example B. [0041 j
Figure 2 1 is a micrograph of the product slurry at
the end of crystallization of Example 10. [0042]
Figure 2 2 is a micrograph of the product slum at the
end of crystallization of Example 11. [0043J Figure 23
is a micrograph of the product slurry- at the end of
crystallization of Example 12. [0044] Figure 24 is a
particle size distribution report for the product in
the micromilling process for Example 3B after 15
minutes of recycle micro-milling.[004Sf Figure 25 is a
particle si/e distribution repoit foi the pioduct m
the micromilling piocess for Example 3B aftei 60
iantes of rec\ d e micro-milling [0046| Figure 26 JS a
ieport on the pharmacokinetic data collected foi thiee
dogs comparing the plasma level of compound h in the
bloodstream for the first 4 huurs after spjestion of a
dsrecl fill capsule foi the micro-milhng and cr>
stalh/atioii process oi milling process as m FXampie <
Detailed Description of the Invention [0047 J Hie
rmcro-msltsitg and staU/aiion process ( MM " ) of the
present jmcntion comprises growth on micro-seed
particles to a mean xolume panicle si/e l s than 



about 100 urn. such as foi e a p e less than about 60
urn. further still less than about 40 um In most cases
tlie pioduct will iange from about 3 to about 40 um
depending on the amount of seed add d for en stalh/at
Oii The raicro-soed can range I'tom about 0 1 to about
20 urn. for example, from about 1 Io about H) um b\
mean xolume anal} , Hie seat can be generated b a
number of t mtlh g ices, such as for example media
milling Particles less than um mean e ei. this si/e
range i less altracm e than micro-seed because the
resulting A.P particle si/es if the particles are kept
dispersed during a growth ctx staih/alion aie smalei
than desired for enUonal isolation techniques using h
pica! seed levels of about 5% to about 15% [00481 e
ptoccss o the present im entton (MVfC) comprises
generating a stum of the micro-seed and generating a
solution containing the product to be cr> stalh/ed
These m o sti earns aie combined to pro ide cr>
sialh/ation of the product In most case the en
staih/ation is continued manipuiating changes m
product solubility and concentiat on order o the
CILstalli/ation Tlicse manipulations lead to a
supersatiwated } stem which ides a d i force for the
deposition of solute on the seed The le\ el of
supersaturate! during the seeding e em and the
subsequent crv stalh/atiou is controlled at a eisus
nucleatjon In the present ention. the process is
designed to facilitate growth on the micro-seed while
conli oiling the birth of new particles L t w of the
methods for CJ slali/anon including discussion of
growth and nucleauonprocess conditions is provided by
Price (Chemical Engineering Progress, September 1997.
P34 Take some SoHcI Steps to improve Crystal!
watiorf). [0049] The micro-seed and product particles
of the MMC process of the pre e t invention have a
number of specific advantages. The micro-seed
particles have a high surface area to volume ratio and
thus the growth rate, at a given supersaturation, is
enhanced significantly relative to large seed
particles A high population of seed particles avoids
nucleation on foreign substances and the
crystallization is one of growth on the existing seed 



particles at low supersaturation. Thus the size and
form of the API particles are controlled by the
characteristics of the seed particle. (0050| Generally
operating at reactor conditions where the desired
crystal form is the most stable and seeding with the
desired crystal form is preferred. I t has been
discovered that small particles have less sensitivity
to particle attrition by shear since the particle
-particle impacts are between objects of significantly
less weight. Starting with rnonomodal seed the process
of the present invention provides a monomodal particle
size distribution as confirmed by optical micrographs
and laser scattering techniques. Due to the
monodisperse particle size of the resultant product,
it is amenable to downstream filtration and
formulation making the composite process a attractive
method for fine particle finishing. (005! Although the
present invention may be utilized for the production
of any precipitated or crystallized organic active
particles, including pharmaceuticals,
biopharniaceuticals, nutrace utieaJs. diagnostic
agents, agrochemicals, insecticides, herbicides, pig
ents food ingredients, food formulations, beverages
fine chemicals and cosmetics; for ease of description,
principally pharmaceuticals will be specifically
addressed. The crystalline/precipitated particles for
organic compounds used in other industry segments can
be produced using the same general techniques
described herein. |0052f Any method of generating a
supersaturation to promote growth in the presence of
the micro-seed is amenable to this invention. Common
methods to manipulate crystallization include changes
in solvent composition, temperature, use of chemical
reaction, or use of distillation. Although reactive
crystallization requires the formation of thefinal API
from one or more reagents the APT formed becomes
supersaturated and supersaturation of the product is
the source of crystallization. A review of
crystallization methods to generate supersaturalion
and the interplay between nucleaiion and growth is
provided by Price (Chemicai Engineering Progress,
September 1997, P 34 "Take some Solid Steps to Improve
Crystallization"). This reference, in its entirety, is
hereby incorporated byreference 



into the subject application. [0053] The addition of
the micro-seed to the solute or the solute to the
micro-seed can be accomplished m several ways
including batch crystallization, semi-batch
crystallization or semi-continuous crystallization.
These techniques are common to those practiced in the
art and extensions to other crystal izer
configurations are expected. Additionally a
combination of these methods can be utilized. J00541
Batch crystallization typically includes
crystallizations where the temperature is changed or
solvent is removed by distillation to generate the
supersaturation. A serai-batch crystallization
typically includes the continuous addition of a
solvent o reagent to a reservoir of solute or the
reaction precursor for the solute In hatch and
semi-batch crystallization, the seed is typically
added to a reservoir of solute which is supersaturated
at the time of seed addition or as a result of the
seed addition. See Figures 6 and 7 . (0055J Semi
-continuous crystallization is designed to keep the
contents of the liquid phase in the reactor nearly
constant throughout the crystallization. In a
seraicrontinuous crystallization by non-solvent (also
called an anti -solvent) a seed stream is added to a
reactor followed by the simultaneous addition of both
a stream containing fh e solute dissolved in solution
and a stream of non solvent. Here the crystallization
occurs at a rate similar to the rate at which fh e
components are added. See Figure 8 . An example
schematic for a reactive crystallization is provided
in Figure 9 . |0056f The chemical composition of the
streams chosen for the MMC process is dependent on the
compound being crystallized. Accordingly aqueous,
organic or mixed aqueous and organic streams can be
utilized.[00S7J  n the process o f the piesent
invention, wet milling to micro-seed Size is required
to limit the need for dr> -milling n a downstream
production process. OnK select machines can pp ide
particles of a mean optimum size ranging from about Io
about It* urn Milling methods such as high ener y
hydrodynamic cavitation or high intensity somcation. 



high energy ball or media milling, a d high pressure
homogern/ation are representative of the technologies
that can be utilized to make micro-seed having a mean
optimum si/e ranging from about 1 o about 10 tim.
[GGSSI in one embodiment of the im ention media
milling is art el ecth e wet milling method to reduce
the particle size of seed to the target si/ e 1
addition media milling has been found to maintain the
crystaliiniU of the API upon the milling process. The
si/e of the media beads utilized ranges for example,
from about 0.5 to about 4 mm. |0059| Additional
parameters that can be changed during the wet milling
process of the invention, include product
concentration, milling temperature and mil! speed to
afford the desired micro-seed size. [00601 Media
milling work on API product streams ha been practiced
to gertetate particles less than one micron in mean
si/e using specialK beads of 0 5 mm or less in the
presence of colloidal stabilizers The surface active
agents overcome the colloidal forces that are activ e
at less than one micron aid provide a stream of
disperse particles for formulation. This feed stream
can be used in the current invention as micro seed
Crystallizations from the current invention are most
predictable when substantial!} disperse seed is
utilized for crystallization Usi aggregates of
particles as seed is less desirable ince the number
and si/e of the aggregates could be variable. Thus
seed ci>stals of 0 1 urn to 0 5 urn ma> be utilized in
the present invention where i t is desirable to empkn
colloidal stabilizers unless the organic compound is
self-stabilized as disperse particles. [0061 [ Since
the process of the present inv ention is primarily one
o f growth on. existing seed particles, the amount and
size of micro-seed is the primary determinant of the
API particle si/.e. Van able amounts of seed can be
added to afford the desired particle size distribution
PSD) after crystallization. T\ pical seed amounts
{material not dissolved in thesolvent phase of the
seed slurry) range from about 0. 1to 20 wt% relative
to the amount of the active ingredient to be
aystaiU/.ed. a a growth crystallization, introduction
of less seed leads 



to larger particles. For example, low amounts of seed
can increase the product particles size above 60 urn.
but the crystallization could potentially be very slow
to avoid iiucleation and promote grcpvth on those
seeds. Seed levels of about 0 5 to 15% are reasonable
charges starting with micro-seed of 1to 10 urn. [0062]
In another embodiment the MMC process comprises [0063|
( 1) using a wet milling process to generate
micro-seed hav ing a mean size of approximately U 1 to
20 um; and (0064| (2) crystallizing an organic active
compound on the raicro-seed to >ield crystalline
particles having a mean size less than 100 mm. [0065J
In a further embodimen the MMC process comprises:
[0066J ( I } using a wet milling process to generate
micro-seed having a mean si/.e of approximately 0.1 to
20 mm; [0067] 2) dissolving a portion of the
micro-seed: and [006S| (3) crystallizing an organic
active compound on the micro-seed to yield crystalline
particles having a mean size less than 100 mm. [0069J
The dissolution process may comprise heating, changes
in pH. changes in solvent composition or other. This
tailors the resultant particle size distribution to
one only slightly larger than the seed. In some cases
only mild enhancement of the micro-seed particle size
is sufficient for the product needs and thus seed
levels of 50% or higher may be used. (0070| In one
embodime t the micro-seed ma> be isolated and charged
as a dry product [00?l| The MMC process of the current
invention is highly scalable. Proper equipment design
at each scale may enable robust performance at all
scales. Two features that may be employed for reliable
scale up: 1) rapid micro-mixing during additions of
materials to an actively crystallizing system and 2)
inclusion of an energy device for particledispersion
of unwanted agglomeration. Crystal3i/.er designs
containing these features are 



amenable for scale-up of the invention. [0072] Rapid
micro- mixing implies a fast mixing ti e of the two
streams at the molecular level relative to the
characteristic induction tune for crystallization of
the product. These concepts are explained in detail by
Johnson and PrucThomrne (Australian Journal of
Chemistry .56(..LQ): 1021-1024 (2003)} and by Marcant
and David (AlChE journal Nov 1991 vol 37. No 11) .
Both groups of authors stress that the micro-mixing
time can affect the outcome of a crystallization or
precipitation. Accordingly, the authors emphasize thai
a low micro-mixing time is advantageous. For solvent,
concentrate, or reagent additions, this rapid
micro-mixing reduces or eliminates concentration
gradients that could lead to a nucleation event.
J00731 In one embodiment of the invention,
supersaturation is kept low to promote growth on the
micro-seed. In some cases the kinetics of
crystallization are fast and nucleation cannot be
substantially avoided. An appropriate rapid mixer
should be chosen in these cases to limit nucleation by
mixing reagent streams quickly and avoiding high local
concentrations of reagents. When the micro-seed s
added to a crystalli e; containing solute, dispersion
of the seed by rapid micro-mixing is important to
limit agglomeration of the micro-seed as
crystallization takes place. [0074] Additionally the
work of Hunsknv (Chemical Engineering Transactions, '
Proceedings of the 15 t International Symposium on
Industrial Crystallization 2002 . Volume 1 2002 p 65,
published by ADlC - Associazione Italia a Di
Engegneiia Chcmi) teaches that agglomeration of
particles is directly related to the level of local
supersaturation. Therefore, rapid micro-mixing is also
helpful in minimizing agglomeration for this
situation. The selection of a rapid mixer must be
balanced against the level of particle attrition by
the choice of the mixer. The mechanism leading to
particle birth due to particle -particles or particles
- crystailizer surface interactions in the presence of
seed particles is commonly 



referred to as secondary nucleation and is expected to
occur to some extent in most crystallizations. The
choices of equipment can alter the extent of this
effect.[007Sf Organic active compounds of small size
have a tendency Io aggregate and then agglomerate by
the deposition of a s on an aggregate during
crystallization. When particles agglomerate the API
particle e will be larger than if growth occurred only
on the individual seed particles and agglomerates were
not present In some pharmaceutical applications
agglomeration i not desired for if can be more
difficult to scale up a process comprising
agglomerated particles. In these situations, it is
desirable develop methods to use the micro-seed where
agglomeration is managed. |00761 general, the energy
density experienced by the particles must be
sufficient to afford deagglom eration and the
particles must be exposed to the energy density during
crystal h/ atiori at a frequency sufficient to
maintain a disperse system. A supplemental energy
device helps to minimize agglomeration by dispersing
particles. A function of the energy device is to
create particle collisions which break lightly
agglomerated materials apart or create a shear filed
which torque and break the agglomerates. This energy
device could be as simple as a properly designed tank
agitator or a rec> cSe pipe with fluid pumping through
it. Fluid pumps are high energy devices and can affect
the crystallization process. These devices are
sufficient when aggregates and agglomerates are not
strong or the product is exposed to the device
frequently Rotor stator wet-mills are useful to
provide a strong shear environment and are most useful
when the particles themselves are not attritted.
Sonication energy applied to the crystallizes- has
been found to limit agglomeration of compounds that
aggregate readily and form stronger agglomerates.
Applying sonication or an energy device at the end of
the crystallization can also be useful to break
agglomerates but is less desirable than during the
crystal h/ atiori since the agglomerates may be of
significant strength fay the end of the
crystallization time. Sonication horns also provide a
sound wave which may be responsible for breaking
lightly agglomerated materials without fracturing the
primaryparticles. 



(0077| Needle crystals present challenges for the
processing of fine organics. In particular, their
filtration rates are typically slow. One aspect of
this invention is the use of sonication during
crystallization. Sonication can promote the growth of
needle crystals m thewidth direction yielding a more
robust product for iiltiatiou. The use of sonication
to generate micro-seed for needle e stals is also
especial!} antageous. Needles tend to break on the
long axis and produce crvsials of a similar width, but
shorter length, |0078{ The fundamental teehnologx of
somca on (ultrasound wav es i>picaih between 10 and 60
kHz) is highly complex and the fundamental mechanism
for successful deagglomeration i unclear, but it well
known that sonication is effect! \ e at d aggr a on or
deagglorneraiion (Pohl and Schubert Partec 2004
"dispersion and deagglorneraiion of nanoparticles m
aqueous solutions." ) . As a nonbinding explanation of
the mechanical process, sonication provides ultrasound
waves of a high power densitx and thus a high strength
for agglomerate disruption. iiatton bubbles are formed
during the negativepressure period of the v n e and
the rapid collapse of these bubbles provide a shock v
n e and high temperature and pressures useful for
deagglonieratioa in the present imemion. it has been
found that the seed and grov\n particles are not
significantly fractured m most cases, and thus, the
high energ> e ents of sonication are especial!} ei
ectn e to promote grow th on disperse particles
without attrition of the particles [00?9| In the
recent \ ears. L\ otl on sonication for chemistry ha
stra> ed into crystallization Focus has been placed on
the use of ultrasound to reduce the induction time for
nucleation or to provide facile nueleation at moderate
supersaturation This is useful to enhance the
reproducibility of seed bed generation in the absence
of solids apriori or v\ ithout needing to add a solid
seed to the batch concentrate (McCausland et. al
Chemical Engineering Progtess JuK 2001 P 5 - l ) . Thi
approach is contrary to the current teachings, where
the presence of micro-seed dictates the final product
properties, and especially the en stal form. 



[OOSj The application of sonication to pharmaceutical
cr> stalli/atson for the purpose of controlled growth
on disperse micro-seed particles as in the .VlMC
process is unique. In addition, the sonication power
required for successful deagglomeration as
demonstrated m the current indention is ielatnely
small, less than 10 watte pei liter of total batch at
the end of er\ stalliMtion and preferabh less than 1
waft per liter of total batch at the end of
1(1-crystallization. The design of equipment for
sonication and research into the technology is an
active area of research. Examples of flow ceils
amenable to the present invention are commercially
provided by several manufactures (eg. Branson WF3-16)
and (eg. Telsonics SRR46 series) for use m recycle
loops as an energy device. [0081 f The use of a
recycle loop to provide methods for micro-mixing and
methods to incorporate a supplemental energy device
has been shown to be especially advantageous for scaie
up. The primary concept is to relieve the micro-mixing
and energy input demands from a conventional
crystailizer (typically a stirred tank) and create
specialized /ones of functionality. The stirred tank
crystallizer can serve as a blending device, with
micro-mixing and supplemental energy input to the
system independently controlled externa! to the tank.
This approach is an example of a scalable
crystallization system for large scale production. A
practical emulation of tins system s provided in
Figure 3 . Micro-mixing is best accomplished by adding
a stream into a region of high energy dissipation or
high turbulence. Addition of the stream into the
center of the pipe into a region of turbulent fiow in
a recycle loop is one embodiment. In this case, a
velocity of at least 1 ni/s is recommended for
conventional pipe fiow. hut not essential provided the
micro-mixing is fast. This example is not limiting for
the location of reagent addition and method of reagent
addition is critical to achieving proper micromixing.
The concepts of mixing in pipelines and in stirred
vessels are described in The Handbook of Industrial
Mixing (Kd. Pai et al. 2004, Wiley Inlerscience).
[0082 J The recycle rale for ihe crystallize can be
quantified by the time to pass the 



equivalent of one volume of the batch at the end of
the crystallization through the recycle loop, or the
turnover time al the end of the crystallization. The
turnover tone for a vessel can be varied independently
and will be a function of the frequency at which the
batch should be exposed to the supplemental energy
device to limit the agglomeration of the product. A
typical turnover time for large scaie production
ranges from about 5 to about 30 minutes but this is
not limning. Since the agglomeration of Ihe product
crystals typically requires deposition of mass by
crystallization the rate of crystallization can be
slowed to extend the turnover time required to afford
deagglomeration.[0083f Tlie particle si/.e and surface
area of the resultant product may be enhanced by {he
addition of supplemental additives to the seed or the
crystallization hatch. In one embodiment, the
additives help disperse the seed and crystals in the
crystallizes which limits particle agglomeration. The
addition of supplemental additives may be used for
other purposes as well, such as reduction of product
oxidation or to limit compounds sticking to the sides
of a vessel ie supplemental additives may be
substantially removed by the isolation step yielding a
pure active ingredient. Materials with surfactant
properties are useful to enhance the slurry
characteristics of the milling, seeding and
crystallization steps of the MMC process (0084|
Supplemental additives include, but are not limited
to: inert diluents, amphiphilk copolymers solubili/ing
agents emulsifiers, suspending agents adjuvants,
wetting agents, sweetening, flavoring, and perfuming
agents, isotonic agents, colloidal dispersan Is and
surfactants such as but not limited to a charged
phospholipid such as dimyristoyi phophatidyi glycerol;
aiginic acid, alignaies, acacia, gum acacia. 1,3 buty
leneglveoS benzalk an um chloride eol odial silicon
dioxide, ceiosieary) alcohol. cetomacrogoi emulsifying
wax, casein calcium stearate. cetyl pyridinium
chloride, cetvl alcohol cholesterol, calcium
carbonate, rodestas F-1 10(r), which i a mixture of
sucrose stearate and sucrose distearate (of Croda
Inc.). clays, kaolin and bentonite. derivatives of 



cellulose and their salts such as hydroxypropyl
niethylcellulose (HPMC). carboxymethylceliose sodium,
carboxymethylceilulose and its salts, hydroxypropyl
cell idoses, methyl eelIuI ose. hy droxy ethy iceSl
ulose. hydroxy propyl cellulose,
hydroxypropylmethyScellulose phthalate, noncrystalline
cellulose: dicalciurn phosphate, dodecyl trimethyl
ammonium bromide dextran, dialkyl esters of sodium
sulfosuccinic (e g . Aerosol O (c) of American
Cyanarid). gelatin, glycerol glycerol monostearate.
glucose, pisonoriylpherioxypolHglycidol), also known
as OUn 10-G(r) or surfactant iO-G(r) (of Olin
Chemicals, Stamford, Conn.); glucamides such as
oclaioyl-N-melhylglijcamide, decanoyl-Nmethylgi
ucamide: heptanoy 1-N-methy Iglucamide. lactose, leci
thin(phosphatides), maitosides such as n-dodecyi
b-D-niaitoside;mannitoL magnesium stearate, magnesium
aluminumSilicate, oils such a cotton seed oil. com
germ oil, olive oil. castor oil, and sesame Oil;
paraffin, potato starch. poly etln lene co!s {QU the
Caslxmaxs 3350(r)and 45 and Carbopol <>34> of Union
Carbide poh oxyetbs lene alkv Selhers(eg macrogol
ethers such as cetomacrogoi 1000), plyoxyethylene
sorbttan fattx acid esters(eg the commercially
auulable Tvxeens(r) of ICl specialty chemical ) poly
o\y ethylene castor oil deriv atives, polyoxvethvlcne
stcraies, poly\im lalcoholf PVA), poh \ snylpv
rrolJdonc(P\ P), phosphates, 4-( L l
,3,3-tetramethyJbiuyi) phenol polymer with elh\ lene
oxide and formaldehyde, (also known as tylo\apol, supe
one, and tpton). all and polaxamines (e.g. P uronic&
F68LF(r), F 7 FH)8'g> and tettonic 08 a\ ailable from
BASF Corporation Mount KJ), p> ranosides &uch as
n-he\yl -D-gl ucop> ranoside. n-hept> 1b-D-alucopv
rano&ide, nocty1~ b~D-g!ucopyrartoside. n-decyl
ii-dec>1 b-D-maltopyrartoside. ndodec> 1
b-D-glucopyranoside. qua eman ammonium compounds,
silicic acid, sodium citrate, starches sorbs (an
esters sodium carbonate, solid polyethylene glycols
sodium dodec> 1sulfate, sodium laun I sulfate (eg.
DUPONOL P(r) of DuPont corporation steric acid
sucrose, tapioca a ch talc, thioglucos des such
1b-D~thioglucoside, iragacanth. triethanolami e. Tpton
X- 00 which is a I ar\ ! ether sulfonate (of 



Rhom and Haas); and the like The inert diluents.
soluMi/Jng agen ts emulsifiers. adjuvants. wetting
agents, isotonic agents, colloidal dispersaits and
surfactants are commercia h - available or can be
prepared by techniques knovn i the art [0085 j Likew
ise it is possible to syntliesi/e desirable chemical
structures not cornmeteialSs a\ ailable such as
crystal growth modifiers Io tailor the process
performance The properties of mam of these and other
pharmaceutical exc f ients suitable for addition to
the process solvent streams before or after mixm are
provided m the Handbook of Phatmsceiitica! Exctpients.
3rd edition, editor Arthur H. Svtbbe, 2000. American
Pharmaceutical Association. London, the disclosure of
Lvhich is hereby incorporated by reference in its
entirety [0086] in the .VIMC process of the present i
n tion microparticles are formed in the final mixed
solution. The final soh ent concentration containing
the microparticles can be . ] <>.altered a number of
post treatment processes, including but not limited
to, dialysis, distillation, wiped film e aporation
centri {ligation. Kophili/at  oo, filtration sterile
filtration, extraction supercritical iluid extraction,
and spray drv sng. These processes t\ picalh occur
after formation of the mieroparticles. but could also
occur during the formation process. |0087f Uhas been
noted that a high solubilits of product in the
solution phase can during drying lead to deposition of
residual solute in the liquid phase on the particles
leading to light agglomerates of the nath e particles
formed during crystalh/auon Dissolution of a drug
particle after formulation is often sensit e to the
surface area of the natn e particle si/e versus
agglomerates. The Sight agglometates can be broken
during formulation processing to ield products L\ ith
acceptable ailabilm . [00881 i measuring particle
si/e. care must be taken to select the correct
measuring tool For instance, t> pical laser light
scattering techniques used to measure particle size
result in erroneous readings since the techniques
employed may not be able to break 



agglomerates into nati\ e particles. Thus, particle
si/e anal) sis of the product may indicate large
agglomerates instead of the natn e particle si/e.
Measurement of the surface area \ ersus light
scattering techniques is a preferred measurement
technique as set forth in the examples below ever mean
particle size may also be measured using com entional
laser light scattering de\ ices SpecificalK , the
analysis of dry product is preferred in a machine
similar to the Syrnpatec Heios machine with 1 to 3 atm
pressure. In general, the surface area of a product
and the particle si e are directly related depending
on the shape of the particle in question 00 | One
shape of a particle that is often problematic for
particle Si/e anah sis i that of needles where the
aspect ratio of the length to width is greater than .
This t\ pe of a particle can demonstrate a himodal
particle si/e distribution when micrographs slum a
consistent product of small si/e has been produced For
this im ention. the particle si/e b  ught scattering
in dr> analysis cell s measured in a Sympatec Helos
when the aspect ratio is less than 6 When the aspect
ratio is 6 or gieater, optical microscopy is used to
measure the particle si/e b the longest dimension of
the cr> stal[009Of Subsequent post processing of the
product of a MMC process into a pharmaceutical
formulation is typically advantageous to enhance the
product performance or product acceptance as a
marketed product. Processes such as, but not limited
to. roller compaction wet granulation, direct
compression, or direct fill capsules are all possible
hi particular pharmaceutical compositions with the
product of the MMC process can be made to satisfy h e
needs of the industry and these formulations include
supplemental additives of various types as staled
above. Possible but not limiting classes of compounds
for the MMC process and subsequent formulation
include: a algesics ant i-inflammatory agents, an
helmintics anii-arrthymics, anti-asthmatics
antibiotics, anticoagulants, antidepressants,
antidiabetic agents anti epileptics, antihistamines,
antihypertensive agents, ami muscarinic age ts anti
mycobacterial agents, antineoplastic agents,
immunosuppressants antithyroid 



agents, antiviral agents, anxiolytics, sedatives,
astringents, beta-adrenergic receptor blocking drugs,
contrast media corticosteroids, cough suppressants
diagnostic agents, diagnostic imaging agents,
dopaminergics, haemostatics, immunological agents,
lipid regulating agents, muscle relaxants,
parasympathomimetics parathyroid calcitonin,
prostaglandins, radio pharmaceuticals, sex hormones,
anti-allergic agents sti ulants s mpathomimetics,
thyroid agents, vasodilators and xanthines Drug
substances include those intended for oral
administration and intravenous administration and
inhalation administration although it is conceivable
to use other methods such as dermal patches. The drug
substances can be selected from any pharmaceutical
organic active and precursor compound, A description
of these classes of drugs and a listing of species
within each class can be found in Physicians Desk
Reference. 5 1 edition, 20Oi, Medical Economics Co.,
Montvale, NJ, the disclosure of which is hereby
incorporated by reference in its entirety. The drug
substances are commercially available and/or can be
prepared by techniques known in the art. [0091 f As
used herein, the terms crystallization and/or
precipitation include any methodology of producing
particles from fluids: including, but not limited to.
classical sol vent/antisolvent
crystallization/precipitation: temperature dependen t
crystallization/precipitation; 'salting out '
crystallization/precipitation; pH dependentreactions;
"cooling driven cry stall i/aiion/preci pilation;
crystallization/precipitation based upon chemical
and/or physical reactions, etc. [0092] As used herein,
the term biopharniaceutica includes any therapeutic
compound being derived from a biological source or
chemically synthesized to be equivalent to a product
from a biological source, for example, a protein a
peptide, a vaccine, a nucleic acid an i munoglobulin a
polysaccharide, cell product a plant extract, an
animal extract, a recombinant protein an enzyme or
combinations thereof. [0093| As used herein, the terms
"solvent" and "anti-solvent" denote, respectively
those fluids in which a substance is substantially
dissolved, and a fluid which causes the 



desired substance to crystalli/.e/precipitate or fall
out of solution. [0094{ The process and apparatus of
the present invention can be utilized to crystallize a
wide variety of pharmaceutical substances. The water
soluble and water insoluble pharmaceutical substances
that can be crystallized according to the present
invention include, but are not limited to, anabolic
steroids, analeptics, analgesics, anesthetics,
antacids, aMi-arrthy ic anti-asthmatics, antibiotics
anti~c riogenics, anticoagulants, anticoionergies,
anticonvulsants antidepressants, antidiabetics,
antidiarrheals, anti-emetics anti-epileptics anti
fungals an helmintics antihemorrhoidals.
antihistamines, antihormones, antihypertensives,
antihypertensives, antiinflammatories,
antimuscarinics. antimycotics. antineoplas tics
anti-obesity drugs, an Ii plaque agents
antiprotozoals, antipsychotics. antiseptics,
ami-spasmotics, anti-thrombi cs, antitussives, anth
rals, anxiolytics, astringensts, beta-adrenergic
receptor blocking drugs, bile acids, breath fresheners
bronchospasmolytic drugs, bronchodiiators. calcium
channel blockers, cardiac glycosides, contraceptives,
corticosteroids, decongestants, diagnostics
digestives, diuretics, dopa i ergics electrolytes,
emetics, expectorants, haemostatic drugs, hormones
hormone replacement therapy drugs, hypnotics,
hypoglycemic drugs, immunosuppressants, impotence
drugs, laxatives, lipid regulators, mucolytics, muscle
relaxants, non-steroidal antiinflammatories,
nutraceuticals, pain relievers, parsympathicoiytics,
parasympath imetics prostagladins, psychostimulants,
psychotropics sedatives, sex steroids spasmolytics,
steroids, stimulants.sul fona ides sympathicolytics,
sumpathicomi metics, sympathomimetics, thyreomimetics.
thyreostatic drugs vasodilators, vitamins, xanthines
and mixtures thereof. [009S] Pharmaceutical
compositions according to this invention incl ude the
particles described herein and a pharmaceutically
acceptable carrier. Suitable pharmaceutically
acceptable carriers are veil known to those skilled in
the ail. These include non-toxic physiologically
acceptable carriers, adjuvants or vehicles for
parenteral injection, for oral administration in solid
or liquid form, for reclal adminstration, a the like.
The 



pharmaceutical compositions of this invention are
useful in oral and parenteral including intravenous
administration applications but this is not limiting.
(0096| The following examples provide a non limiting
description of methods to exercise lhe MMC process of
the present invention [009?| For the following
examples: [009Sj Micro-seed particles were made by one
of two mills: "Hie 600 ml disc rail! represented a KDL
model made by DYNOS -MiIl. The mill chamber was
chromium treated and the agitating discs were yttrium
stabilized zirconium oxide The mill was charged with
approximately 1900 grams of yttrium stabilized
zirconium oxide round beads of a uniform diameter. The
160 nil agitated Mini-C er mill included a ceramic
chamber and a ceramic agitator and was made by Netzsch
Inc. The mill was charged with approximately 500 grams
of yttrium stabilized zirconium oxide beads of a
uniform diameter of variable size. The beads for these
mills were provided by Norstone ; : Inc., Wyncote,
Pennsylvania, They are highly polished and originally
produced by TOSOTi USA, Inc. (0099| Particle surface
area was analyzed using BET multipoint analysis on
GEMINI 2360 (Manufactured by MicromerificsK Instrument
Corporation Inc., Norcross. Georgia), unless mentioned
otherwise. fOOIOOf Micrographs of lhe particles were
taken on an optical microscope. Micrographs are of the
crystallization slum- at the end of crystallization,
unless otherwise noted.[00101 j The particle size
distribution of the dry cake was analyzed using laser
light diffraction in a HELOS OASIS. (SYMPATEC Gbh
(http:/LvwLv.sympatec.com/)) machine unless otherwise
noted. The same machine was also equipped with a
slurry eel! where a siupy of milled materia! or the
product slurry from a crystallization could be
analyzed. Standard techniques for analysis were used
including the addition of lecithin to the lsopar G
carrier fluid and the application of onication 



EXAMPLES |OO O2f Example I (00 !0 j Compound A Cox
inhibitor [00104] This series of semi-batch
crystallizations demonstrate the ability to create a
high surface area micro- seed by media milling and {he
effects of varying the amounts of micro-seed
introduced during crystallization to produce final
products of variable surface area and particle size.
The surface area of the final product is comparable o
jet milled material. Also illustrated are experiments
which show that the addition of supplemental additives
to the micro-seed afier milling and prior to the
crystallization process can increase the surface area
of the resultant product. The anti-solvent was added
to cause crystallization. [00 !OSj Jet milling of
Compound A [00106] Compound A was Jet milled using a
typical condition ranging between 1- 1.9mm nozzles,
43-45 psig jet pressure, and 7000-21 000 rpm for an
IGGAFG jet mill of Hosakawa Micron, Inc. The resultant
surface area of the material was 2 5 nfVg [00 !07]
Milling of Micro-seed for E es !A- IE [00108] On Day
0, the disc mill containing I mm yttrium stabilized
zirconium oxide beads was flushed with 50 % n-heptane
and 50% toluene aid the contents of the mill were
displaced for disposa! by air via a positive
displacement pump. To a vessel connected to the mill
60 grams of Compound A and 1066 grams of 50; 50
toluene: heptane by weight was charged. The mixture
was agitated in the mill holding tank at a temperature
of 25* C The mixture was then recycled through the
mill at a rate of 00 ml/mm for 60 minutes. During this
time the mill was on at a tip speed of 6 8 rn/s. The
tank shiny was sampled at 20, 4Oand  minutes to
confirm the milling process by microscope Aftei 6
minutes the slum' a packaged mto glass jars for use
later in the cr> staHi/ation runs of Table 1 and 2 A
jar of micro-seed slum a filtered on a sintered glass
funnel lo determine the concentration of the
mjcro-seed not dissoh ed in solution by dr> ing the
fillet cake m a \ acuum o\ en at 0 C. 



This Lalue \ as reported for the basts of seed
charging. The surface area of the filter cake after
dr\ sng a measured by standard BF Tisotherm and found
to be 3 4 nv' g [00109] Crystallizations iA mid IB
[001 101 series of batch anti-soh ent en stalh/ations
ere performed by }) dissohing Compound A in toluene
and heptane at room temperature resulting in a \is
imlh clear solution a outlined in Tab!e 1 ("mrtial "
charges). 2) adding a specified amount of rrucro-seed
siurn from the milling step which initiated the
crystallization due o the presence of micro-seed and
additional anti-soh ent added with the micro-seed slum
, 1) adding n-heptane in portions to afford e
stailization using this aniisoh ent. The charges were
made o\ er a 4 to 1 hour time span waiting at least M
minutes b een additions, and 4) filtering and washing
the resultant siurn wjlh sparing amounts of heptane
(apptoximateh 2- 1() cake \ olumes) before d ing at (
C to obtain a dry cake suitable for anah sis of
surface area (post-processing). [001 11j The procedure
and output is described in Table 1See Figure 0 which
depicts the micrograph corresponding o Example IB. The
scale bar represents i o urn. |001 121
Crystallizations JC, ID and IE [001 13f A second
series of batches were conducted following the basic
procedure of Examples IA and B uhere the anti-solvent
was continuous!} added o\er 12 hours <Examples 1C- 1E)
in Example 1D the ionic surfactant lecithin oil (food
grade) was added to the micro-seed slurry from the
media mill before addition to the batch. In Example
1E. the non-iomc surfactant Triton X- 100 i {Sigma
Aldrich) was added to the micro-seed slum from ihe
media mill before adduion to the hatch. The addition
of the non-sonic or ionsc surface active agents
enhanced the resultant surface area of ihe product
obtained from those 



crystallisations as set forth in Table 2.Table 2:
Anti-solvent crystallization using micro-seed from a
media mil! and slow addition -with or without sulfate
active agents Example # 1C 1D I E D "lecithin" "tpton
X-100" tome to crystallization 3 4 4 days smc milling
India! pe uci solids 3 6 3 S 3 6 g Initial toluene 32
32 32 9 Initial n-iieptane 1 7 1 7 1 8 9 ed cortc an t
rt 3 2 3 3.2 vvt% S solids bed 2 3 2 2 2 3 g Ju y
lecithin oil 2 2 g solution th seed trrtofi K- 100
liquid 0 185 g solution with  l nornina! d tevoi 2 2 2
% solids to ptodyct time for ant!5o!vont 12 12 12 ft
re of addition amount of antisotvent 30 3 1 3 1 g
heptane Surface ot r product 1.5 2.3 2 2 m2 |00114]
Example! [001 15 j Compound A Cox   inhibitor [001 16j
Ti series of examples demonstrate that phssical slurrs
handling characteristics ca be enhanced supplemental
addithes such as anon-ionic or an ionic surfactant are
added to the micro-seed wet-milling piocess The
supplemental additive was added o the micro-seed slum
after milling for use m the c stalh/auon process
resulting in a similar increase m product surface area
as shown JPExample ID and above. In addition, samples
of the slum were taken at 15 and 0 minutes to
demonstrate that the milling time can be changed as
needed to afford material after crystaSluation of
different surface area 



Agatn. the surface area i comparable to thai of jet
milled a erial but i produced direciK by the process
of the present invention. (00 117J Milting of Mic
ro-seed for E e 2A and 2B [001181 > e disc mill
containing i mm >ttriuni stabilized zirconium oxide
beads as flushed with 50% n-heptane and 50% toluene
and the contents of the mill were displaced for
disposal by air from a positix e displacement pump.
Sixty grams of Compound A and 1 3 grams of 50:50
toluene: heptane by weight were charged to a essel
connected to the mil). A total of 0 gtams of Triton X-
100 \x as also added. The mixture as agitated in ihe
mill holding tank at a temperature of 2 1 and the
mixture as then reo cled through themill at a rale of
900 ml/mini for 60 minutes. During this time the mill
a o at a tip speed of 6.8 m/s. A small portion of the
tank slum- as sampled a 15 30 and 45 minutes to
confirm the milling process by microscopy. After 60
minutes of milling, the slurry was packaged into glass
jars for use later. A portion of ajar of micro-seed
slurry was filtered on a 0.2 urn filter funnel to
determine the concentration of the micro-seed not
dissolved in solution. The filter cake was washed i h
sparing amounts of the anti-solvent heptane and then
dried in a vacuum oven at 6O C. The concentration of
lhe micro-seed slurry as solids was 4.1 wt%. This
concentration was approximately 30% higher than the
corresponding micro-seed slurry of Example 1 where
anon-ionic surfactant was not used during fh e milling
process. This difference can be attributed to reduced
physical losses in the milling system. The surface
area of the filter cake after drying was measured by
standard BET isotherm and found to be 3.9 n Vg. [001
19 j Milling of Micro-seed f Examples 2 and 2I>
(00!2Oj On Day 0, the disc mill containing mm yttrium
stabilized zirconium oxide beads was flushed with a
50% n-hepfane and 50% toluene and the contents of the
mill were displaced for disposal by air from a
positive displacement pump. Sixty grams of Compound A
and 1074 grains of 50:50 toluene hepfane by weight
were charged to a vessel connected to 



the mill. A total of 125 grams of lecithin oil was
also added. The mixture was agitated in the mill
holding tank at a temperature of 20 C. The mixture was
then recycled through the mill a a rate of 00 inl/min
for 60 minutes. The temperature of the outlet of the
mill was 2 1"C. During this ti e the mill was on at a
tip speed of 6 8 m/s. A small portion of the tank
slum- was sampled at 15, 30 and 45 minutes to confirm
the milhng process by microscopy . After 60 minutes of
milling, the slurry was packaged into glass jars for
use later. A portion of ajar of micro-seed slum- was
filtered on a 0.2 urn filter funnel to determine the
concentration of the micro-seed not dissolved in
solution. The filter cake was washed with sparing
amounts of the anti-solvent heptane and then dried in
a vacuum oven at 6O C The concentration of the
micro-seed slum' as solids was 4.8 wi%. This
concentration was approximately 50% higher than the
corresponding micro-seed slurry of Example 1 where an
ionic surfactant wasnot used during the milling
process. This difference can be attributed to reduced
physical losses i the milling sy&leni The surface area
of the filter cake after drying a measured h\ standard
BET isotherm and found to be 5,3 m2 g [001 1i
Crystallizations 2A. 2B, 2C, and B [00 122 A sen es of
batch an Ii -so! vent cry sta! Ii tions ere performed
by [00 123j I ) dissolving Compound A m toluene and
heptane which resulted in a usually clear solution (
irri tiaP charges in Table 3): 2) adding specified
amount of micro-seed slum as shown in Table 3 after
adding more non-ionic or ionic surfactant to the
rmcro-seed. 3) adding b-heptane at a continuous rate
to afford en stalh/attoo, 4) filtering and washing the
resultant slurry with 2 to H) cake volumes of heptane
before df> ing at O C to obtain a dry cake for anah
sis of surface area (post-processing ), |00l24f E mpl
3 (00 !2Sj Compound B Cox II Inhibitor [00126] Th$&
series of examples demonstrate the ability to replace
pm milling for a 



compound known to exhibit meitback" . The form of the
a stal is controlled throughout the process exen
though tout other possible CLstaJIine forms of
Compound B are known The crv staJh/alions were
performed at ele ated temperaiure. This example
demonstrates that the surface area can be controlled
bv the addition of different levels of micro-seed|001
27 f Pin illin of Compound B (00!28j Compound B was
Pin milled for pharmaceutical use using typical
conditions for an Alpine(r) UPZl 60 mill (Bosakawa)
and with a high process nitrogen flow. This compound
is difficult to null due to the low melting point of
the compound ("old nitrogen at O and 40 SCFM (standard
cubic feet per minute) was applied as a pin rinse of
the mill during processing to keep the processing
temperature below the melting point of the compound.
Milling was not possible without this extra step. The
resultant surface area of the material was 0.9 ra'Vg.
|00 J29 1 Milling of Micro-seed for Example 3A and 3B
(00!3Oj On Day 0, the disc mill containing 1 mm
yttrium stabih/ ed zirconium oxide beads was Hushed
with 50% n-heplane and 50% toluene and the contents of
the mill were displaced for disposal by air from a
positive displacement pump. Sixty grams of Compound B
and 1066 grams of 50:50 toluene:heptane by weight were
charged to a vessel connected to the mill. The mixture
was agitated in Ui e mill holding tank at a
temperature of 25 C and the mixture was then recvcled
through the mill at a rate of OU ml/min for 60
minutes. During this time the mill was on at a tf
speed of .8 ni/s. The temperature of the mill outlet
was 25 C. A small portion of the tank slurry was
sampled at 15, 30 and 45 minutes to confirm the
milling process by microscopy. After 60 minutes of
nulling in total the slurry was packaged into glass
jars for use later From one jar of micro-seed slurry.
122.8 g was filtered on a . filter funnel and the
filter cake was washed with sparing amounts of the
anti -solvent heptane. A total of 9.7 grams of wet
cake was collected This was then dried in a vacuum
oven at 60 C The surface area of the filter cake after
drying was measured by standard BET isotherm and 



found to be 5.7 m'/g. [00131J Crystallizations A and
3B |OOI32f A series of batch anti-solvent
crystallizations were performed by (!33j 1) dissolving
Compound B in toluene and heptane at 5(FC in an 50 l
agitated vessel which resulted in a visually clear
solution denoted as the "initial " charges in Table4;
2) adding a specified amount of micro-seed slurry from
the milling step which initiated the crystallization
due to the presence of micro-seed and additional
anti-solvent added with the micro-seed shirr : 3)
adding n-heplane a a continuous rate to afford cry
stallization; 4) filtering the resultant slurry at
room empera ure and washing with 2 to 10 cake volumes
of heptane before drying at 6O C to obtain a dry cake
for analysis of surface area. The procedure and output
is described in Table 4 : Example # 3A 38 ID "0.36
wt%" "10 wt%" time to crystal! at"n 1 1 ay i milling
milting time of seed slurry SO 60 minutes Initial
product solids 4.8 4.8 a Initial toluene 32 40 9
initial ft-heptane 2,4 0 0 S s 0.5 14.7 g slurry
nominal seed level 0.4 10 vA% solids to product
crystallization temperature 50 50 C iime for
antisolvent 12 2 hrs of addition amount of antisotvent
30 40 g heptane Surface area of dry product 0.6 1. 1
m2/g 



[00J34J Figure 11 is a micrograph of the micro-milling
slurry of Example 3B after 0.5 minutes of recycle
milling. Figure 12 s a micrograph of the micro-milling
siup> of Example 3B after 15 minutes of recycle milHng
Figure 13 is a micrograph of the micro-milling slurry
of Example 3B after 60 minutes of recycle milling.
Figure 14 depicts the micrograph corresponding to the
final product after crystallization of Example 3B. The
scale bar represents 10 mni. [00135] Example 4 [001561
Compound C = BKI antagonist [00J37J Tlii s series of
examples demonstrates that multiple pharmaceutical
classes can be accommodated using the methods of the
present invention ft also demonstrates that the
surface area of the final product can he controlled by
using different size micro-seed. The micro-seed size
can be altered using different amounts of milling
time. The seed particles generated by the milling step
in this example are above I urn in size. Compound C
has a low melting point and the MMC process is useful
to avoid 'mehback ' during dry milling. Coldnitrogen
must be applied a a pin rinse of the pin mill to
enable milling a significant quantity of materia!.
100138] Milling of Micro-seed for Example A n 4B
[00139J On Day 0 the disc mill containing 1mm yttrium
stabilized zirconium oxide beads as Hushed with 50%
n-heptane and 50% toluene by weight d the contents of
the mill were displaced for disposal by air from a
positive displacement pump. Sixty grams of Compound C
and 1066 grams of 50:50 toluene:heptane by weight were
charged to a vessel connected to the mill. The mixture
was agitated m the mill holding tank at a temperature
of 19*C and the mixture was then recycled through the
mill at a rate of 900 mi/mm for 60 minutes. During
this time the mill was on at a tip speed of 6.8 m/s.
The temperature of the mil! outlet was 20 C. A small
portion of the tank slum' was sampled at 0, 5 30 and
45 minutes to confirm the milling process by
microscopy. After 60 minutes of milling i total. 



the slum' was packaged into glass jars for use later.
The slurry samples were analyzed on the SYMPATECIv
light diffraction wet cell analyzer using lecithin and
120 seconds of soiicatio i in ISOPAR G Figures 24 and
25 demonstrate the particle size distribution of the
micro-seed. For the micro-seed milled 15 minutes the
mean particle size fay volume is 3.9 um and 95% of the
particles by volume are less than 9 8 um. For the
micro-seed milled 60 minutes the mean particle s e by
volume is 2.35 um and 95% of the particles by volume
are less than 5.2 um indicating a sharper particle
size distribution using micro-seed milled longer. A
portion of the micro-seed slurry from 15 minutes and
60 minutes of milling was filtered and washed with
heptane and dried at 60 C as in the previous examples
After drying the surface area of the filter cakes was
measured by standard BET isotherm and found to he 4.6
m2/g for 15 minutes of milling and 6 6 m2/g for 60
minutes of milling. This data demonstrates that
micro-seed si e and surface area can be controlled by
process parameters. [0014Gf Crystallizations 4A ami 4B
(00!4i Two batch anti-solvent crystallizations w e
performed by[001 42j i) dissoh ing Compound C in
toluene and heptane at 43 C H a 75 ml \ essel agitated
b> in a isualh clear solution the "mitial" charges).
2) the slum a cooled to 40 to generate a
supersaturated solution without solids forming as
verified -visually by ip-sifu light backscaltenng: 3
adding a specified amount of micro-seed slum from the
nulling step, 4) adding n-heptane at a continuous rate
to afford crystallization, and 5) filtering the
resultant slum at room temperature and washing with 2
to IO cake volumes of heptane before ing at 6O0C to
obtain a dry cake for apah sis of surface areaThe
procedure and output is described in Table 5 ; exempts
# 4A 4 B ID "15 "60 mm" 



time to erysta ifeation 0 0 days since milting milling
lime of seed slurry 15 60 minutes Initial ct solids 1
4 1.4 g initial toluene 40 40 g initial n-fiepta pe
0.0 OD a Sded 1.1 1. 1 S slurry nominal seed level 2.5
2.5 wi% solids to p octuct cystallKation temperature
40 40 C ti for apUsolvept 12 12 hrs of addition amount
of antisotvent 40 40 g heptane Surface area of dry
product 0.7 1.0 m2.'g Figure 15 deplete the micrograph
of (he final product of Example 4 B . [001 4J| Example
s f !44 J Compound D bispftosphonate [001451 This
example demonstrates that particle sizes obtained by
conventional crystallization followed by pin milling
of a dry cake can be replicated by the MMC process.
This example also demonstrates a temperature eooldown
crystallization and another drug class. Different
si/.ed media beads were used and ihe process was
aqueous based. [00146] Conventional Approach J001471
Compound D was dissolved in water at 100 g/1 a (SO C.
The compound was cooled to 0 C and distilled to 200
g/i simultaneously to provide a crystallized product.
The material was filtered, dried and pin milled usmg
typical pin milling conditions. The pin milling of
this product is especially difficult. A functional
mill was only maintained when the mill wa shut down
and the pins cleaned after each 40 kg of material
processed. This process yielded a 5-40 urn product as
analyzed visually by micrograph.(001 4Sj Milting of
Micro-seed for Example 5 



[00149] On Day 0, the disc mill was charged with 1890
g of 1.5 mm yttrium stabilized zirconium oxide beads
and flushed with deionized water. Hie contents of the
mill were displaced for disposal by air from a
positive displacement pump. Thirty-four grams of
Compound D d 207 grains of deionized water by water
weight were charged to a vessel connected to the mill.
The mixture was agitated in the mill holding tank
while being recycled through the mill at a rate of 630
ml/min for 10 minutes. During this time the mill was o
at a tip speed of .8 m/s. The mill outlet temperature
was 20 C A small portion of the tank slurry was
sampled at 0 and 5 minutes Io confirm the milling
process by microscopy. After i t) minutes of milling,
the slurry was packaged info glass jars for use later.
A micrograph of the micro-seed indicated a size larger
with 1.5 mm beads than runs with 1.0 mm beads. [001
SOf Crystallizations 5 [001 SI J On Day 0, a
temperature cooldown crystallization was performed by
dissolving 14.0 g Compound D in 5 g water in an 75 ml
vessel agitated b\ overhead stirrer which resulted in
a visually dear solution. The temperature of the
jacket enclosing the vessel was held at C for this
dissolution. The slurry was cooled by placing 64C on
the jacket to generate a supersaturated solution
without solids forming. Supersaturation was verified
visually and by in-situ light backsca eri ng A total
of 4.0 grams of slurry micro-seed from the muling step
was added and the jacket temperature was changed to
6PC. The jacket was then cooled from 6i io 4 C over 4
hours and from 48 to 20 C over 7 hours. A micrograph
of the micro-seed slum- was analyzed for visual
particle sue analysis. The mean length was i 7 um and
the mean width was 8 urn. This size mimics that needed
for the pharmaceutical application. Figure 16 is a
micrograph of the final product of Example 5 ,EOOJSZI
Example 6 00153] Compound F == serotonin antagonist
[00154] This series of examples demonstrate that the
MMC process can meet the bioavailability of the
product produced by a AFG jet mil! as measured by
canine blood 



plasma levels. This series of examples further
demonstrates the utility of a supplemental energy
device placed in the crystallization vessel (in this
case a sonieatar) to promote a product with smaller
particle size (higher surface area). Example 6
demonstrates that smaller beads in the milling process
lead to higher surface area micro-seed and higher
surface area of the product when the same charge of
micro-seed was employed. This example demonstrates
thai the use of higher level of seed, here 20%, can
enhance the surface area of the product. The example
is a semi-continuous process with mixed aqueous
organic solvents. Compound F i known to have several
polymorphs and the process in accordance with me pre
en invention produced the desired polymorph. This
demonstrates the feasibility of the MMC process for
pharmaceutical processing 100155] AFG Milling [00156{
Material was IOOAFG milled with lmm nozzles, 50 psig
jet pressure. 9000- 18000 rpm and the surface area was
0.6 m2/g. |00157] Milling of Micro-seed # 1 for
Example 6 [00158| On Day 0. the disc mill containing
1890 grains of 1.5 mm yttrium stabilized zirconium
oxide beads was flushed with 60% isopropanol (TPA) and
40% deioni/ed water by volume. The contents of the
mill were displaced for disposal by air from a
positive displacement pump To a vessel connected to
the mi II were charged 18.5 grams of Compound F and
220 grams of 60/40 IPA/Water. The mixture was agitated
in the mill holding tank while being recycled through
the mill at a rate of 600 to 900 ml/miii for 15
minutes. During this time the mill was on at a tip
speed of 6 8 m/s and the mill outlet temperature was
below 3O0C. A small portion of the tank slurry was
sampled at 0. 5. and 10 minutes to confirm the milling
process by microscopy. After 15 minutes of milling the
slum was packaged into glass jars for use later|001 59
f Milling of Micro-seed 2 for Example 6 (00!6Oj The
procedure of Milling Ul above w duplicated except 1894
grams of 1.0 



yttrium stabilized zirconium oxide beads were used
media. [001611 Semi-continuous Crystallization |OOI62
f Semi-continuous crystallization was accomplished by
the simultaneous addition of the micro-seed slurry
concentrate and the antisolvem for the specified
charge time. The solvent ratio was maintained during
the addition of the concentrate. The charges were made
Ih rough a 22 gauge needle below the liquid-gas
surface near the agitator on opposite sides of the
vessel. The 75 ml vessel employed an overhead stirrer
for agitation and an mm sonication probe placed below
the liquid-gas surface. Where noted in Table 7, the
sonication probe as on during the crystallization at a
power of approximately 10 watts. For the runs using
Media milled seed 2 additional water was added at the
end of the batch concentrate addition at the same rate
when charged with concentrate to change the solvent
ratio from 4:3 to 1:2 IPA:water. This was done to
improve >ield approximately 5% by lowering the mother
liquor losses and did not impact the particle size
significantly. Post processing comprised filtration of
the slurries at room temperature via vacuum and drying
with air or drying in a vacuum oven at 400C. (00!63|
The yield of Example 6C of Table 7 was quantified to
be 85%. This run was shown bv X-Rav diffraction to
vieid the desired henii-hvdrate form.tin Summary Table
7; ratio se d chsrge constant (PA.H20 % hr s picaibn (
t.rpi loss) SA my (um) SS% < (m) e i mulling # 1 f1.5
m beads) 4:3 2.3 4.1 10.2 6A 10 6 none 4-3 1.3 12.1
39.8 SB 10 3 yes 4.3 2 2 7 7 17,4 i milting run #2 (
1.0 mm be s ) 4:3 3 5 3 7 6 6C 10 3 yes 1-2 .3 8.5 18 



6D 20 3 yes 1.2 2.6 6 10.3 [00164] Post Formulation
and Use The solid product of Example 6C and the AFG
milling sample were formulated in a side by side study
into direct l capsules using conventional
pharmaceutical ingredients. The area under e curve
(AUC in 24 hours) for Dogs of MMC Example 6C as
compared versus AFG rallied materia! indicating
equivalent bio performance was obtained. The results
are provided in Figure 26. (00J65J Example 7 (00 166]
Compound DP JV inhibitor [00167] This example
demonstrates that large particles (> 50 urn) can be
made consistently by the MMC process of the present
invention. The particle size can be tailored using
different seed loads [00168] Media Milling I00169J On
Das (K the KDL media mill was flushed with 80/20
IPA/water and pumped dry. A slurry of Compound G at
100 mg/g in 80/20 IPA/water by weight as fed through
the mili in recycle mode at a rale of 300 rnls/mrn for
12 ) minutes. The resulting particle sue of the
micro-seed had a mean size of 4.7 urn as measured by
li h t diffraction.f 170j Crystallization |00 i 7 1] A
series of aysialii /aliens r made using the media
milled micro-seed of Example 7. In these cry
stallizations the seed amount was varied. A batch of
Compound G at 220 rag/g in 70/30 by weight IPA Wafer
was heated to o\ er 700C to dissolve the solids A
\isually clear solution was obtained. The batch was
cooled to 65 to o7C to create supersaiuration The
batch was seeded with the le\ el of micro-seed as
indicated in Table S (grains of product added to the
seed slum- xersus that m the batch). The batch was
aged 3 hours and cooled to room temperature er 5 hours
lsopropyl alcohol anti-soh ent as charged o\er a
period of 15 to 30 minutes to reach 80/20 IPA/water h\
weight. The batch 



was aged 1hour and m an en at 45' C. The particle st/e
was analyzed via a Microtrac particles size light
diffraction using 30 second sonication at
approximately 30 watts in the wet state. Die following
results ere obtained. Table S: Run Number Day Seed
load (%) !Mv (urn) 95% < (urn) ?L 5 0 5 77 IT-Il 7B 13
0.5 72 58 5 7C 10 52 120.5 (00! 72 Examples; |00173]
Compound I> - bisphospbonate |00174| The example
demonstrates scale up of the MMC process and the
utility of a recycle loop to enhance the mixing
characteristics of a \essei upon scale up This example
further demonstrates thai a higher intensity ce placed
n the cle loop (here a static mixer) can enhance the
surface area achiexed for the final product This
series of examples demonstrates a profile comparable
to pin milled product[OO 175 j Pin miUing [00176]
Compound D was en sfalii/ed fhe product as pin-nulled
a d the resulting particle size was measure b> light
diffraction as 1 7 urn with 5 o less than 50 urn The
surface area as 0 5 m"<'g [00 177J Milling of
Micro-seed for Example [00178] A series of media ilti
runs were made to suppls mtcio-seed for the cp
stalh/atton On D a 0 he disc imil was chatged wuh 1 5
\ tin urn stabilized /irconium oxide beads and then
flushed with deioni/ed water he contents of the mill
re displaced for disposal b mi from a positn e
displacement pump Slurries at the equn aieni of
K)Ugrams per i liter deiom/ed water concentration were
charged to a \essel connected to the mill The mixture
as agitated in the mill holding tank h le being iecs
cied thiough he null 



at a ra e of 1 )O ml mm During this lime the mill was
on at a p speed o f 6 m/s and the mil! outlet
tempeiatute <j CC After p ihng. he slum v s packaged
into la s jars foi ater u e fOO1791 Cn stall ations 8
[0018Of L sepes of temperature cooldown en
stalh/ations v\ ere performed b dissoK 2 5 ram of
Compound D in 25(*0 g deioni/ed v ater in an agitated
essel using an o\ erhead stirrer The temperature of
the jacket enclosing the \essel was increased and {he
batch tempeiatiue v as raised o 60 - 62C to dissoh e
the batch to a \ isualK clear solution The slum was
cooled to *>2C to generate a supersaturated solution
without solids forming as \ epiled isualK L loial of
35 milliliters o f imcro-seed slum was added to the
\esse! \ia the top of the reactor and aged at 52 to
53C for 30 minutes The batch was cooled to 5 . aged
foi a least hour and then filleted cold using a \acuum
filiei and ac um dried at 45 C [00181 J Based on the
concenttation uf product m the m tlier iiquoi at the
final soU ent composition a ield o f at least O i s
expected for this set o f examples The particle
surface aiea was anah /ed BFT isotlierm and l ht
diffiaction The pathcies of run L weie highh
agglomerated and exceeded the eapabshh of the light
diffraction machine to measureAddition of a recycle
loop as depicted in Figure 4 enhanced the surface area
of the product. Addition of a static mixer hich is a
higher energy device in the recycle loop lead Io
higher surface area comparable to thai produced by pin
milling the dry product. Table 9: Exampfo 8A 8 8 dC
Milling gtatns product 220 220 50 grams of water 2200
2200 500 time for milting process, mip 30 45 15 



mill outlet Ietrip 5 25 2 5 seed sonicated before use
no Day Used after milling 5 1 Cry lteef S t U ag rate
300 350 450 ag diameter, cm 5 6 6 recycle rate. m!?min
900 450 Energy Device double tee static mixer
Conditions batch i , liters 1 2.5 2.5 cooldown time,
hours 6 10 3 seed load, vA% 2 3 3 Surface area of
product, m2'g 0.12 0,36 0.48 Mean particle Sise
(microns) 75 urn 23 1 95% < urn SO 29 % 10 urn 18 30
[001S2| The results of Example A demonstrated that the
equipment chosen Io scale up the MMC process can alter
the product results. Adding a recycle loop to a vessel
to aid in mixing is an embodiment of the present
invention. Furthermore, Example SC demonstrates that
adding a supplemental energy device can provide a
higher energy in the recycle loop therein yielding a
product of enhanced surface area. The surface area of
Example 8C matches that produced by pin milling. The
crystallizations produced without a recycle loop or
supplemental energy device lead to visually
agglomerated material of relatively Sower surface area
and larger particle size as shown in Figures 17 and 1
. [001S3J Example : 



[00184{ C ou E ~ lipul-Jowering compound (00!85| This
example demonstrates semi-continuous crystallization
with antisoivents where multiple charge times for
antisoivent and concentrate can be accommodated.
Sonication is shown useful to enhance surface area of
the product. Here, smaller beads of 0.8mm were used to
demonstrate that a range of beads sizes can be
utilized in accordance with {he process of the present
invention. [00186] Conventional Drymilliiig Approach
[001871 Compound E was jet milled. The resultant
surface area specification was 1.4 to 2.9 nr/g for the
product. [00 188J Milling of Micro-seed for x l 9
[00189] On Day 0, the disc mill was charged with 0.8
mm yttrium stabilized zirconium oxide beads in the dry
state. To a vessel connected to the mill as charged
1000 ml of 60/40 MeOH/ water and then 60 grams of
Compound E and then 0.2 grams of butylated hydroxy
anisole (BHA) as a supplemental additive for
performance of the product The mixture was agitated in
the mil! holding tank while being recycled through the
mill at a rate of 900 ml/min for 30 minutes. During
this time the mill was o at a tip speed of 6.8 m/s and
the mill outlet temperature was 2 1CC. A small portion
of the tank slurry was sampled at 0 and 30 minutes to
confirm the milling process by microscopy. After 30
minutes of milling in total the slurry was packaged
info glass jars for later use. The mean micro-seed si
was determined to be about 2 uni. |00 90|
Crystallizations 9A, 9B, 9C, 90 (00 !9 1 Semicrontin
uous anti -solvent crystal lizations were performed by
; [00192] ) creating concentrate by dissolving 60 g of
Compound E in 1 liter of methanol. A total of 0.2
grams of butylated hydroxy anisole was added to this
stream in order to prevent oxidation of the product;
2) creating micro-seed bed by charging 5 ml of
micro-seed slurry from milling and adding 5 



ml of 60/40 Methanol water by volume. The charges were
made to a 100 ml agitated vessel at 600 RPM with a 22
mm diameter blade: 3) simultaneously charging the 56
milliliters of concentrate and 36 milliliters of
deionked water anti-solvent were charged to the vessel
via separate syringe pumps:4 ) agi h batch for i hour
at room temperature. Sonication at approximately 10 a
t of power as applied chrecth into the en sta!h/er
during the concentrate additions and I hour age period
using a mm probe (DG30 manufact uted by Telesomcs). 5)
fiheri tig the resultant slum at room temperature
before itig at 45T o obtain a dry cake for analysis of
surface area. The particle si/e a measured by dry
solids light diffraction. [00193] Based on the
concentration of product in the mother liquors at the
final sohem composition, a \ ield of at least 0 % is
expected for this set of examples The runs ere made u
in identical reactor sy te s The procedure a output i
described in Table 10 E> smpi # 9A SB 9C SD Day 1 1 2
2 days since miing Addition ttmo of once t r 3 3 0 10
hours Sopication during a ti yes no yes o ncmi pa!
seed el 10 to 10 10 wt% ofids Io product c>stat! ation
temperature 20 20 20 20 C Surface aiea of dry product
2.6 2 1 m2/g e n psrticte Size S4 11 d 7 10 1 microns
t'urpt Micrographs of the product of Example A and 9B
are shown n Figures J9 and 20. respecth eh The
products are similar except for the length of the
indi\ tdua! crv stals Figure 1 can he compated to
Figute 2 ! where the ptocess a scaled up using iess
sonication power and a longer addition time to limit
an> nucleatton 



|00l94f Example JO (00!95| Compound E Hpid-lowering
compound [00196] This example demonstrated that the
process of the present invention was amenable for
scale up to a commercial production \oiume !e\e! for
specialty chemicals. Here a scale of 15 kg of product
is produced in one batch using a semi-continuous batch
method. A larger &cale emulation of the cle loop is
describee! which produced a successful scale up The
recs cle rate corresponded to 18 minute hatch tunk_p
er time practical rate for a large scale manufacturing
process. The sonication power densitx was
approximately 0 7 W/lg of batch, a practical lex el
for a large scale manufacturing processThe
crystallization product was post processed using
conventional manufacturing equipment. As with many
pharmaceuticals, the product was oxygen sensitive and
all streams were degassed using either nitrogen Row or
vacuum application. The supplemental additive,
butyialed hydroxyanisoie (BHA). was used as a product
stabih/.er. [001 97f Milling f micro-seed for Example
10 [00198J A tola! of 1.49 kg of Compound E uiimil ed
pure, 9.3 kg of deionized water. 14 kg of methanol d
8. 14 g of BHA were charged Io a jacketed 30 liter
glass vessel equipped with an agitator to blend the
vessel contents. The slurry was charged with nitrogen
to degas the solution and a nitrogen sweep was used
throughout the milling process to keep the system
inert. A large quantity of solids as charged and the
material demonstrated clumping during wetting in order
to declunip the material, a 3/8" ID recycle Sine was
connected to the vessel which contained a rotor stator
mill (I A Works T-50 with coarse teeth) The hatch was
recycled through the wet mill for 30 minutes to break
up the large chunks of solid. The IKA Works mill was
used as Ui e pump to recycle Uie batch volume a least
twice during this step. The recycling step did no t
reduce the particle size of the product significantly.
[00 99J To mil! the batch to micro-seed, a second
recycle line was constructed a in 



Figure 1. The pump was a peristaltic Masterflex aid
the mill was a Netzsch media mill mode! number
Minicer". The mil! a charged with 135 ml of I. mm
yttrium stabilized zirconium oxide beads
(approximately 500 grans). The batch slurry was then
recycled through the Minicer mill at a rate of 300
nil/min rate using the MasterflexvB.' volumetric pump
The mill was ru a 2202 rpm. corresponding to a 6.8
rn/s up speed. The mill and the batch vessel were
cooled by glycol baths to maintain the batch slum-
temperature below 25*C throughout the nulling process.
The hatch slurry was milled for a total of 4 1 hours.
The milled slurry was aged overnight at room tempera
ure then discharged though the media mil! into a poly
drum for use within the next 3 hours. The milled
slurry was Ui e micro-seed stream. A portion of the
slurry was filtered on a 0.2 urn filter ami analyzed
after drying in a vacuum oven a 40 C. At the tone of
discharge of the slum - the surface area of the
milledsolids 4.05 m'/g with a volume mean particle
su.s of 2 . 1 mm and 95% of the particles less than
4.8 mm by volume. A Heos anah zer as used. [00200]
Crystallization for Example 10 [002011 Recycle loop
setup: The larger scale equipment is similar to the
set up of Figure 3 except that an inline laser
backscattering probe as used to measure the chord
length of the particles in the slurry in real time and
the seed a charged before the first mixing device. The
recycle loop from lhe bottom of the 100 gallon stirred
tank consisted of: [00202| ) a chaphram pump; 2) a
focused beam reflectance measurement probe for chord
length monitoring: 3) 3/8" valve port for sampling and
charging seed slurry as needed: 4) a rapid mixing
device connected to a pump for deionized water ait
tisol vent addition from a claim: 5) an energy device
consisting of a . radia! sonicator born of 2 diameter
and 22'' long in a 2 liter flow through cell. The
sonicator was manufactured by Telesonics and was
powered by a generator of 2(KH)W; 



) a rapid mixing device connected to a pump for batch
concentrate addition from a drum: 7) a mass meter to
measure the recycle rate of slurry; ) pipe returning
to the main crystallize) which was 13/16" internal
diameter: (002031 Antisolvenf stream: To a vessel
previously cleaned and flushed with deionized water, a
total of 250 kg of deionized water was charged The
deionized water was degassed using several vacuum and
nitrogen pressure purges. The water was drummed in 50
gallon drums and kept closed till use. This stream was
the aiitisolvent stream. [00204J Batch stream: To a
vessel flushed with methanol, a total of 14 kg of
Compound E active pharmaceutical ingredient (API), 1 4
kg of methanol (previously degassed), and 80 g BHA
inhibitor was charged. Compound E concentrate was
drummed into 50 gallon drums and kept closed until
use. This was the hatch stream[0020Sj Micro seed
slurry make up: A total of 36 kg of previously made up
60/40 vol./vol. melhanol/water solution was charged to
a 100 gallon cr> stallizer. The solution was recycled
at approximately 25 kg/mm using the recycle loop. The
sonicalor radial probe as set at 350 W power, and the
Lasentec FBRM probe was turned on for information. The
micro-seed slurry described i this example above as
charged to the recycle loop via the 3/8 seed charge
port Tee and he seed bed was recycled for 15 minutes
with sonication at 20 to 250C. This was the micro-seed
for the batch. [OO206| Crystallization charges: The
vessel agitator was 22" in diameter and was spinning
af 3 m/s for the crystallization. A total 129 kg of
deionized water was charged to the micro-seed, along
with 168 kg of Compound E in methanol batch
concentrate over 10 hrs time simultaneously at a
constant charge rate. Throughout the crystallization
the batch was kept at 20 to 25C while continuous
sonication at 350 W was applied. Samples were taken
after 1. 3, 6 and 0 hr addition to confirm the
crystallization progress. After simultaneous addition
was completed, 84 kg of deionized water was charged at
a constant charge rate over 



two hours with sonication at 20 to 25*C. The addition
of extra wafer antisolvent was made to increase the
yield by lowering the solubility for the product. The
charges were made slowly to promote growth of the
crystals versus nucleatio p. (00207 j After the
deionized water charge, the batch was aged with
sonication at 20 to 25 C for 1 hour to ensure complete
growth of the crystals. A picture of the crystal
slurry was collected using an optical microscope as
indicated in Figure 21. Figure 2 1 demonstrates that
the particles were monodispersed with no small
particles due to uncontrolled nucleation present. The
recycle loop was turned off and the batch was aged at
20 to 25 C overnight. Post processing by filtration
and drying of the batch followed. [002081 Post
processing for Example 0 |00209f Fiifranon and drying:
After an overnight age in the vessel the batch was
filtered at room temperature, A total of 385 kg of
mother liquors with a Compound E concentration of less
than 1 rng/g were collected. A total of 20 kg of
previously made up 50/50 v/v methanol/water was
charged to the crystallr/er via a spray ball in order
to wash thewalls of the e s l into the batch filter
and wash the product in the filter. A total of 40 kg
of wa h a residual mother hquors was collected. After
filtration and application of nitrogen pressure to the
cake for at feast an hour, all the wet cake was
removed from the filter, placed onto trays and dried m
a large tray dryer under vacuum at 4O C for 48 hours.
At this point the residua! water and methanol on the
cake was only 0.5 \vl%. A total of 14.5 kg o f dry
cake was removed from the tray dryer indicating that a
high yield of 93.5% was obtained especially when
physical losses are considered. The volume mean
particie size was 8.8 mm with 95% of the particles
less than 20.3 mm by volume. The surface area as 1.7
pr as measured by BET nitrogen adsorption. These
results were comparable to the laboratory material of
Example 10 demonstrating scale up of the process.
[002101 Figure 2 1 can be compared Io Figure 19. The
crystals were of similar size and shape. Here the
sonication power per unit volume was reduced from i00
W per liter in the 



laboratory to < 1 Watts per liter yet the performance
was acceptable. Thus demonstrating that practical
levels of sonication power can be used at all scales
successfully. [002111 Example 11 [00212| Compound =
bisphosphonate [002  3 J Tlii s example demonstrates
scale up of a cool down batch crystallization. It also
demonstrates that for scale up, agglomeration of the
crystals may be prevented by using a recycle loop with
a turbulent fl ow- rate (mean linear velocity of lm/s)
and double tee energydevice to help disperse the
micro-seed aid product during crystallization. This
example further demonstrates that it is possible to
prevent agglomerates from forming without sonication.
[002 141 MHling of micro-seed for Example 11 [00215J
The procedure was similar to that of Example 10 except
a DYN0&-MIII Type KDLA media mill was used with a
different product feed stream. The DYNO^-MiII was
charged with 495 ml 1.5 mm yttrium stabilized
zirconium oxide beads, and deionized water was
recycled through the mill to wet the beads. The excess
water was then discarded. A total of 1.0 kg of
Compound D was charged to 10 liters of deiom/ed water
in the 30 liter vessel.This charge corresponded to
3wt% out of solution versus the main batch after
accounting for {he partial dissolution in the water.
The slum- was recycled though the rotor/stater mill
for 15 minutes a d then aged overnight. The slurry was
then recycled through the media mill via the
Masterflex pump at a rate of 0.9 L/min. The mill tip
speed wa set at 6.8 m/s. The milling was conducted for
5 hours. The slurry was discharged from the mill into
a drum. A sample of the slurry was filtered on a 0.2
urn filter and washed with acetone (le s than about 0
1 g/l solubility) to facilitate drying of the sample.
The sample was dried in a vacuum oven and analyzed.
The volume mean particle si/.e was 3 . 19 rn with 95%
of the particles less than 7.8 urn. The profile was
uimodal. The surface area was 1.7 m7g by nitrogen
adsorption. (OO2I6| O-ystaJJizatioii for E e i i 



[002171 Mechanical senqr The same equipment setup for
the erystallizer was used as for Example 10 above. The
energy device consisted of a Double Tee" as depicted
in Figure 5 . The lines are made of ID steel pipe with
sharp right angle turns. The streams impinge at the
outlet [002181 Crystallization: A total of 22 kg of
Compound D was charged to 220 liters of deior /.ed
water and dissolved at (SO C. The dissolved solution
in the 100 gallon tank was agitated, maintained at
600C and recycled around the recycle loop at a flow
rate of 29 kg/mm. The batch was cooled to 5 1 to 52X
to create supers aturation for the seed charge. The
mean linear velocity {volumetric flow rate / cross
sectional area) in the recycle line was 1.4 to 1.7 m/s
for the majority of the line and the turnover time of
the batch was 9 minutes. In this example, the recycle
line contained a double tee as the energy device along
with a turbulent recycle loop. The vessel was agitated
with a at 4 m/s tip speed. [002191 e micro-seed slurry
was charged to the recycle loop via a diaphragm pump
and 3/8" seed charge port at a constant rate over 4
minutes. The charge was made directly into the recycle
loop to facilitate dispersion of the seed slurry. The
hatch was cooled by the seed charge to 50 to 52C, the
batch was aged at this temperature for 30 minutes and
then cooled to 1to 3 C over 10 hours via controlled
linear cooldovvp. An optical micrograph ofthe slum was
taken as shown in Figure 22. As demonstrated m Figure
22, the particles were monochspersed with no small
particles due to uncontrolled nucieation present.
[00220] Post processing of Example 11 [OO22l|
Filtration ami drying: After cooldown the batch was
aged at I to 3 o ernight then filtered in a precooled
( I to 3C) agitated filter drier (Cogeim 0.25 m ) set
with a poly filter cloth (KAVON(tm) brand 909 weave
available from Shaffer. Inc.). The wel cake was washed
with three consecutive 65 kg acetone slurry washes
{consisting of the solvent charge, agitation of the
contents for several inutes and then filtration).
These washes were utilized to remove the residual
mother liquors of a product concentrati on high 



enough to lead to agglomeration of the solids during
diving. The acetone washed solids were dried in the
same filter under full vacuum with 25C fluid o the
filter jacket and packaged. Micrographs indicated that
there was no agglomeration of the cake, and the dry
cake mean volume particle size was 20.6 mm. 95% of the
particles were less than 4 mm by volume using the
Helos dry particle analyzer. The surface area was 0.40
rnVg by BET nitrogen adsorption These results are
comparable to the Sab scale experiments of Example SB
and C. This is in contrast to the results of Example A
where insufficient particle dispersion was utilized
during the crystallization. (00222 Example 12 |00223]
Compound I> - bisphosphonate (002241 example
demonstrates flexibility in selection of operating
conditions and choice of energy device for MMC o n a
given product it is also the third example of
production scale operations. This example used the
same mechanical setup and procedure as Example J J but
was stressed by shortening the cooldown time from 10
hr to 3 hrs and by increasing the turnover time from 9
minutes to 1 minutes. These actions result in more
potential for nucieation and less frequent exposure Io
the recycle loop and energy device to break any
agglomerates formed in the cxvstallizer into dispersed
particles. Hie faster solids deposition rate and
slower recycle rate through the energy device were
offset by replacing the double tee with a higher
intensity energy device, a Telsonic radial probe 12 '
long and 2wide operated at an output of 800 W power in
a 1 L How through cell. The seed load aJso increased
to 10wt% to obtain a significantly smaller product
than Example i 1. [00225] Seed generation. The
procedure followed that of Example 11 for the product
a d mill preparation. Here 3.48 kg of Compound D pure
and 33 kg deionized water was charge to the to 30 L
vessel and recycled around DYNOS-MiIl Type KDLA at
0.45-0 9 L/min Row rate for 16 hours The resultant
panicle size of the product was a mean volume of 2 mm
and 95% of the particles less than 6.4 urn. The
surface area was 2.0 n*7g. 



[00226| Batch Crystallization: The procedure matched
that of Example 11 except that the 22 kg of Compound D
dissolved in water in the 100 gallon tank was recycled
around the recycle loop at a flow rate near !5 kg/mi t
throughout the batch. The batch was cooled to
approximately 53 -54 C to create supersaturalion for
the seed charge [00227 j The micro-seed skim- was
charged to the recycle loop via a diaphragm pump and
3/8" seed charge port at a constant rate over minutes.
The charge was made directly into the recycle loop to
facilitate dispersion of the seed slurry. The batch
was cooled by the seed charge to about 5()-52*C, the
batch was aged at this temperature for 30 minutes and
then cooled to approximately |-3C over 3 hours via
controlled linear cooldown. A optical micrograph of
the slurry was taken as in Figure 23. Figure 23
demonstrates that the particles were monodispersed
with o small particles due to uncontrolled nuclealion
present. The material was post processed by ill
{ration washed and dried as in Example 11. The
crystallization conditions and results are shown
below:(0022Sj The present application claims pporils
benefit of U.S. Provisional Patent Application Serial
No. 60/782J 6') filed March 14, 2006. which is herein
incorporated by reference n its entirefvWhat is
claimed: 1 A process for the production of en stall e
particles of an organic acti \ e compound comprising
subjecting micro-seed o a crystallization proc ss
wherein the micro-seed s generated i>> a wet milling
process and has a mean panicle sue of about 0.1 to
about 2 urn and Lvherem the resulting crystalline
particles h:ne a mean particle si/e less than 100 mm
2. The process of claim 1. wherein the mean particle
si/e of the resulting crystalline particles is less
than 60 mm. 3. The process of claim I. here n the mean
si/e of the micro-seed is approximate!) 0 5 to 20 mm 4
The process of claim I, wherein the mean s e of the
micro-seed is approximately 1 to IO mm 5. The process
of claim 1. Lvherem a cavitation mill a ball m ll a
media mill or sonieatton t 



ut h/ed during the wet milling process 6 The process
of claim 5. wherein the media mill or ball media
ulih/es 0.5 to 4 mm beads ? . The process of claim ft.
herein a ceramic miil and ceramic beads are utih/.ed
or a chromium-lined mill and ceramic beads are
utilized . The process of claim i . here n the organic
acth e compound is a pharmaceutical The process of
claim . whetein the pharmaceutical is selected from
the group consisting of analgesics anti-mflammalory
agents anthelmintics, anti-amhx mies. anti -asthmatics
antibiotics, anticoagulants, a tidepressants
antidiabetic age t antiepileptics, antihistamines,
antih> pertens e agents, anlmiuscarimc agents,
aitimvcobacte pal agents antineoplastic agents,
immunosuppressants antithyroid agents antiviral agents
anxiolytics sedathes. astringents, beta-adrenergic
receptor blocking drugs contrast media,
corticosteroids cough suppressants diagnostic agents,
diagnostic imaging agents dopami ergics haemostatics,
immunological agen s lipid regulating agents muscle
relaxants. mpalhomimetics, parathyroid calcitonin,
prostaglandins, radiopharmaceuticals, sex hormones
anti-allergic agents stimulants. s> nipathomimelics.
thyroid agents, vasodilators and xanthi es 1 . A
pharmaceutical composition comprising the CILstalline
particles produced in the process of claim I and a
pharmaceutically acceptable earner.1!.. The process of
claim 1. wherein the crystallization process comprises
the following steps: ( 1) generating a slum of the
micro-seed; (2) generating a solution of the product
to be crystallized; and (3) combining the product of
step (1) and the product of step (2). 12. The process
of claim 1L wherein the crystallization process
comprises using a batch, a semicoRtinuous or a
continuous processing configuration. 13. The process
of claim 12, wherein a recycle loop is utilized during
the crystallization process. 14 . The process of claim
i 1. wherem the solvent system of the crystallization
process comprises primarily an aqueous solvent stream,
primarily an organic solvent stream or a mixed solvent



stream. 15. The process of claim 11, wherein a
supplemental energy device is utilized during the
crystallization process. 16. The process of claim 15.
wherein the supplemental energy device is a mixing
tee. a mixing elbow a static mixer a sonicator, or
rotor siator homogenker. 17. The process of claim 15,
wherem the supplemental energy device is utilized at
the end of the crystallization process. 18 The process
of claim 15. wherein the supplemental energy device is
placed in a recycle loop. 19. The process of claim
1.wherein the crystallization process further
comprises adding the micro-seed a batch solution, a
reagent solution or an antisolvent into a recycle loop
or a region of high mixing intensity. 20 The process
of claim 11. wherein the crystallization process
further comprises adding one or more supplemental
additives. 2 1. The process of claim 11, wherein the
slurry of the micro-seed and the solution of the
product are rapidly micro-mixed when they are
combined. 22. The process of claim L wherein the
crystallization process comprises the following steps:
( 1) generating a slurry of the micro seed using media
milling: (2) dissolving a portion of the micro-seed:
and (3) crystallizing the organic active compound on
the micro-seed.3 . The process of claim 1. wherein the
resulting crystalline particle have a crystalline form
that corresponds to the form of the micro-seed. 


